Abstract Ano-genital warts are considered one of the commonest and highly infectious sexually transmitted infections. These warts are primarily caused by the human papillomavirus (HPV) of the family Papillomaviridae, genus alpha-papillomavirus, species 10 and types 6 and 11. However the high recurrence rate of warts is a matter of serious concern to the patients and a challenge for the treating physician. The conventional treatment options are targeted only to the local site of warts. There is no systemic treatment modality as there is limited understanding of the disease immune-pathogenesis. The role of cell-mediated immunity in combating HPV infection is not clearly defined. Hence the present study is aimed at investigating the CD4
Introduction
Ano-genital warts are considered one of the commonest sexually transmitted infections (STIs) [32] with rising incidence worldwide [35] . Human papillomavirus HPV types 6 and 11 of the family Papillomaviridae, genus alphapapillomavirus account for the majority (90%) of anogenital warts (AGWs) [8, 14, 22, 24, 25, 42] . These warts are highly infectious. Ano-genital warts manifest within 3 weeks to 8 months of exposure in approximately 65% of individuals [29] . Although the condition is benign and not associated with mortality, there are significant associated psychosocial issues associated [23, 31] . There are other common sub-types of HPV which are known to cause cervical cancer and dysplasia in some of the cases [30] .
Management options for AGWs are solely local ablation of warts, either pharmacologically with podophyllin, trichloracetic acid, imiquimod cream, interferon, [43] or surgically with cryotherapy, laser or surgical excision [5, 28, 38, 44] . The main drawback of local ablation is high recurrence rate even after apparently complete clearance Hemanta Kumar Kar formerly affiliated at Dr. Ram Manohar Lohia Hospital, Baba Kharak Singh Marg, New Delhi 110001, India.
& Dipendra Kumar Mitra salilmitra2@gmail.com 1 [9, 44, 45] . This is a major concern in treatment of anogenital warts hence there is a need to explore alternate treatment modalities. The role of the immune system in combating (HPV) is believed to be critical but still not completely understood. There are anecdotal reports regarding the role of the host immunity in treatment outcomes of ano-genital warts [1, 2, 7, 15, 19, 34, 37, 41] . The involvement of cell-mediated immune response has been demonstrated in venereal wart patients responding to treatment [17, 26] . Various agents like immunovir [33] , interferon [16, 20] have been used to modulate the patients immunity based on poor immune response against the wart virus. Thus, an improved understanding of the immune-pathogenesis of HPV-induced warts might lead to better clinical management in future.
Here, we investigated the functional profile of HPV6 and HPV11 antigen-specific CD4
? and CD8 ? T cell responses from peripheral blood of patients with genital warts in this study. Our findings demonstrated functional skewing of T cell responses in HPV wart patients.
Materials and methods

Study population
A total of 65 patients (55 males, 10 females between 18 and 64 years) with ano-genital warts were recruited from the STD OPD of the Department of Dermatology and Venereology at the Dr. Ram Manohar Lohia Hospital, New Delhi. The ano-genital wart patients had an average disease period of 5 months (minimum 1 week, maximum 12 months), were HIV negative and had no history of immunosuppressive disease, immunosuppressive therapy or skin warts. We also included age and sex matched twenty-six healthy individuals (Negative for HIV-1 and 2, HBV and HCV) as healthy controls (with no clinical evidence or history of any viral warts). These controls were examined for any illness. Patients with other immune-compromised conditions and pregnant females were excluded from the study.
The Institutional Ethics Committee approval was obtained for the study. All the patients were given the patient information sheet and informed written consent was obtained prior to recruitment.
Sample collection and peripheral blood mononuclear cells (PBMCs) isolation
Approximately, 8-10 ml of peripheral blood was collected in heparinised tubes, from all the recruited subjects by vene-punctures. The subjects other than controls under study were provided the standard treatment after sample collection. Peripheral Blood Mononuclear cells (PBMCs) were isolated from heparinised blood within 3 h of collection by Ficoll Hypaque Gradient Centrifugation (Lymphoprep, Oslo, Norway) and suspended in RPMI-1640 and 10% heat inactivated fetal calf serum (FCS) supplemented with 2 mM Glutamine, 100 units/ml penicillin, 100 lg/ml streptomycin. After proper washing with RPMI supplemented with FCS, these cells were used for subsequent immunophenotyping. The viability of cells was measured by trypan blue dye exclusion test.
Synthetic HPV 6 and 11 antigens
The HPV 6 and HPV 11 recombinant antigens for in vitro cell culture were synthesized commercially and procured (ProSpec, USA). Recombinant HPV6 antigen (Catalogue No. HPV 003) and HPV11 antigen (Catalogue No. HPV-004) are sequences of immunodominant antigens that are expressed in E. coli. Lyophilized antigens were dissolved in PBS at a concentration of 100 mg/ml (stock) and the aliquots were stored at -70°C for use. The titrated dose of 2.5 lg/ml of culture was used for both the antigens.
In vitro stimulation of PBMCs
For each patient sample, the PBMCs were isolated, suspended in complete T cell medium (2 9 10 6 cells/ml) and were cultured in 96-well plates (round-bottomed). Recombinant HPV6 or HPV11 antigen and 10 lg/ml brefeldin A/Golgi transport blocker (Sigma) were added to the culture at 37°C in 5% CO 2 incubator for 24 h. For each set of stimulation one set of unstimulated PBMC and one negative control of Fluorescent minus one (FMO) were set up. All the samples were further processed for cell surface and intracellular staining with titrated antibody dose.
Staining for cell surface markers and intracellular cytokines
Cells were stained with fluorescently conjugated antibodies for cell surface markers including anti-CD3 PE-cy5 (eBiosciences, CA, USA) and anti-CD8 ECD (Beckman Coulter, USA). Thereafter intracellular staining with anti-IFN-c-FITC and anti-IL-4 PE (eBiosciences, CA, USA) was performed by standard protocol. Briefly, cells were given EDTA (2 mM) treatment for 15 min followed by FACS lysing solution (BD Biosciences) for 10 min at room temperature. The cells were then washed once (4009g for 5 min) using FACS buffer (PBS, 0.5% bovine serum albumin, 0.1% sodium azide) and permeabilizing solution II (19) was added (BD Biosciences) and incubated at room temperature for 10 min. After washing twice in FACS buffer (4009g for 5 min), the cells were stained with a mixture of fluorochrome conjugated antibodies specific for IFN-c and IL-4 for 30-45 min. After washing again, the cells were resuspended in PBS and all samples were fixed with 2% paraformaldehyde before acquisition.
Flow cytomtery and data analysis
Stained cells were acquired on FC500 (Beckman Coulter) and Listmode raw cytometer data files were analyzed by the in-built CXP analysis software. For each analysis 500,000 events were acquired. The lymphocytes gate was defined on Forward and Side scatter. CD3
? T cells were further gated on CD4
? and CD8 ? T cells and evaluated for IFN-c or IL-4 positivity (Fig. 1) Statistical analysis SPSS version 18 was used to perform the statistical analysis by independent t test. P value of\0.05 was considered statistically significant.
Results
Patient characteristics
The study participants included 65 sexually active HPVinfected individuals and 26 healthy controls. The age ranged from 18 to 65 years. Male and female ratio was 5.5:1. The number of warts in HPV-infected patients at presentation varied from 2 to 50. The size of the wart varied from 1 to 30 mm. The warts were mainly seen on penile shaft, prepuce, glans penis and perianal, scrotum, gluteal region and buttocks in males and on labia majora, labia minora, vulva, perineal area and perianal region in females.
Th1 response to HPV6 and HPV11 antigens among wart patients
We compared the HPV6 and HPV11 antigen-specific Th1 (CD4 ? IFN-c ? ) responses of ano-genital wart patients with healthy controls. Analysis of intracellular IFN-c (Fig. 2a) . The mean value of HPV6-specific CD4
? T cells expressing IFN-c was 0.44 (SD ± 0.24) in patients with wart as opposed to 0.74 (SD ± 0.70) in HCs (Fig. 3a) . The P value of 0.003 between the two groups was highly statistically significant. Furthermore, similar pattern of HPV antigen specific T cell immune response was observed after stimulation with HPV11 antigen. The mean percent frequency of HPV11 antigen stimulated T cells expressing IFN-c was decreased with a value of 0.41 (SD ± 0.26) in subjects with warts in contrast to 0.96 (SD ± 1.0) in HCs with a significance of P \ 0.001 (Fig. 3b) .
Th2 response to HPV6 and HPV 11 antigens
In contrast to Th1 response in wart patients, analysis of intracellular IL-4 expression in in vitro antigen stimulated PBMCs from all the patients demonstrated a significantly reduced frequency of HPV6-specific IL-4
? CD4 ? T cells (Fig. 2b) . The mean percent frequency of HPV6 antigen stimulated T cells expressing IL-4 was 0.66 (SD ± 0.55) in wart patients and was significantly higher (p = 0.003) than HCs (mean ± SD = 0.32 ± 0.21) (Fig. 4a) . Consistently, the mean percent frequency of HPV11 antigen stimulated T cells expressing IL-4 was significantly increased (p \ 0.001) in subjects with wart with mean value of 0.64 (SD ± 0.60) than with mean value of 0.35 (SD ± 0.26) in HCs (Fig. 4b) .
CD8
1 T cell response to HPV6 and HPV 11 antigens
Since role of CD8 ? T cells in clearing the viral infection is pivotal, therefore we determined CD8
? T cells responses against HPV6 and HPV11 antigens in wart patients and compared to healthy controls. Significantly reduced HPV6 antigen stimulated CD8
? IFN-c ? T cell response was observed in wart patients (mean ± SD = 0.17 ± 0.1) as compared to healthy controls (mean ± SD = 0.26 ± 0.13) (Fig. 5a) . The P value of 0.001 between the two groups was statistically significant. Similar pattern was observed for HPV11 antigen stimulated T cells with low frequency of IFN-c ? CD8 ? T cells (mean ± SD = 0.17 ± 0.12) as compared to healthy controls (mean ± SD = 0.26 ± 0.13) with a statistical significant P value of 0.001 between the groups (Fig. 5b) . Negligible CD8
? IL-4 ? T cell subset was observed in the study subjects.
Discussion
Active cell-mediated immune response is paramount in clearing HPV infection from the genital tract [4] . Prolonged course of genital warts can be attributed defective T-cell mediated immune response [12, 13] . Individuals with increase in size and/or number of genital warts are primarily in a state of immune suppression such as HIV/ AIDS, pregnancy, immune-suppressive therapy. Although the host immune players including monocyte-macrophage system and lymphocytes of various sub-types play major role against HPV infection but understanding of their Fig. 2 HPV antigen- ) cells in wart patients as compared to healthy controls. The magnitude of immune response against HPV6 antigen was observed to be more robust than the corresponding HPV11 antigen-specific response in anogenital wart patients. Only few studies so far have reported the role of localized immunity with diminished Th1 and increased Th2 response in patients infected with HPV6 or/and 11 at the site of the warts [10, 36] . To the best of our knowledge, till date no study has reported the role of HPV antigen-specific immune response in subjects with ano-genital warts due to highly localized nature, lack of significant systemic manifestations of the infection. Regression of genital warts in humans and animal models provide an indirect evidence suggesting that HPV might trigger a Th1 type cell-mediated immune response [11] . However, there is a paucity of available data regarding the functional characterization of cell-mediated immune responses specific to HPV 6 and 11 antigens.
We demonstrated HPV antigen-specific functional skewing of protective (Th1) versus suppressive (Th2) Fig. 3 Th1 response to HPV6 and HPV11 antigens among wart patients and healthy controls. PBMCs were stimulated with either HPV-6 or HPV-11 recombinant antigen in vitro for 24 h and percent frequency of CD4
? T cell subset producing IFN-c ? was determined relative to unstimulated control. a Cumulative scatter plots showing percent frequency of HPV-6 antigen-specific CD4
? T cells producing IFN-c ? in wart patients (n = 65) and healthy controls (n = 25); b percent frequency of CD8
? T cells producing IFN-c ? in response to HPV-11 in wart patients (n = 65) and healthy controls (n = 25) is shown as a cumulative scatter plot. P value \ 0.05 was considered significant and \0.001 as highly significant Fig. 4 Th2 response to HPV6 and HPV11 antigens among wart patients and healthy controls. PBMCs were stimulated with either HPV-6 or HPV-11 recombinant antigen in vitro and percent frequency of CD4
? T cell subset producing IL-4 was determined relative to unstimulated control. a Cumulative scatter plots showing percent frequency of CD4
? T cells producing IL-4 ? in response to HPV-6 antigen in wart patients (n = 65) and healthy controls (n = 25); b HPV-11 specific percent frequency of CD4 ? T cells producing IL-4 in wart patients and healthy controls is shown as a cumulative scatter plot. P value \0.05 was considered significant and \0.001 as highly significant Functional characterization of CD4 and CD8 T cell responses among human papillomavirus… 137 immune response in peripheral blood from subjects with warts. Immune-inhibitory Th2-type cytokines (IL-4), which predominantly induce humoral immunity that eliminates the extracellular infections and toxins, which unlike intracellular pathogens are exposed to antibodies in blood and other body fluids, these cytokines act as B-cells activating factors. This indicates that predominantly Th2-helper cells response will induce B cells proliferation that can generate specific neutralizing antibodies [6] . Down-regulation of cellular response may suppress clearance of virus-infected and tumor cells [4] . Patients with defective cell mediated immune response (HIV/ AIDS, transplant recipients) have higher incidence of HPV infection indicating that the cell mediated immunity may have an important role in control of HPV infections [18, 40] . Our results also indicate weakened Th1 and T cytotoxic cell-mediated immunity against HPV infections that might be responsible for persistent genital warts. This reduced cell-mediated immunity in wart patients correlated with elevated levels of IL-4 producers, which might inhibit the development of a cellular response by inhibition of IFN-c ? production. These results are in agreement with other studies, wherein reduced Th1 response and increased Th2 response have been correlated with lesion progression [1, 10, 36] . These results are also in agreement with other studies, which observed decreased levels of IFN-c and TGF-b in HPV16 and CIN compared to normal HPV-negative tissue [46] . Low concentration of interferon gamma (IFN-c) revealed that there is a significant decrease (P \ 0.05) in GW patients as compared to healthy control. Our observation of incidence of reduced frequency of HPV specific IFN-c ? CD4 and CD8 T cell responders in peripheral blood is consistent with the earlier studies conducted in localized warts. In contrast, increased frequency of HPV antigen-specific IL-4 producing CD4 T cells observed in peripheral blood of wart patients suggested that genital warts induced a systemic immune suppression in the host. Our results strengthen the evidences pointing to a weakened and Th2 skewed HPV specific host T cell immune response in warts thus strongly supporting a need for an adjunct immunomodulatory therapy in this condition. Therefore the desired strategies for HPV associated lesions should target boosting T-cell mediated immune responses not ignoring the viral mediated immune evasion [3, 21, 27, 39] .
There is a need to design therapeutic strategies for genital warts that would target boosting the virus specific immune response using adjunct immunomodulatory therapy for treatment and/or for prevention. Defining the role played by HPV6 and 11 antigen-specific T cells in the pathogenesis of venereal wart, can pave the way in developing a prognostic immunological assays. The data reported in our study also provides convincing evidence that ano-genital warts in humans are strongly associated with Th2 skewed peripheral T cell response. Our study findings may be helpful in designing future immunomodulation strategies which may be used as adjunct immunotherapy to boost host immune response in patients of ano-genital warts. This might help in prevention of recurrence of warts after treatment. Thus our findings warrant future investigations to design specifically targeted, effective immune-prophylactic and immune-therapeutic strategies against HPV-induced lesions of the genital tract, which might lead to early clearance and prevention of relapse. in response to HPV-11 antigen in wart patients and healthy controls is shown as a cumulative scatter plot. P value \0.05 was considered significant and \0.001 as highly significant
